Semen analysis is arguably the most important clinical laboratory test available in the evaluation of male infertility. Measures of semen quality are used as surrogate measures of male fecundity in clinical andrology, reproductive toxicology, epidemiology, and risk assessment. However, the implications of even moderate alterations in semen quality are poorly understood, and only limited data are available for relating these measures to the likelihood of achieving pregnancy. In general, the number and/or concentration of motile spermatozoa is a significant factor affecting success. In particular, success rates are poor when low numbers of motile spermatozoa (approximately less than 1 × 10
INTRODUCTION
Semen analysis is arguably the most important clinical laboratory test available in the evaluation of male infertility. Measures of semen quality are used as surrogate measures of male fecundity in clinical andrology, reproductive toxicology, epidemiology, and risk assessment. However, the implications of even moderate alterations in semen quality are poorly understood, and only limited data are available for relating these measures to the likelihood of achieving pregnancy. In general, the number and/or concentration of motile spermatozoa is a significant factor affecting success. In particular, success rates are poor when low numbers of motile spermatozoa (approximately less than 1 × 10 6 /mL) are used for insemination. 1 Some studies have suggested that computer-assisted semen analyzer (CASA) estimates of concentration and movement characteristics of progressively motile spermatozoa are significantly related to the fertilization rate in-vitro and time-to-conception. [2] [3] [4] Sperm motion characteristics, specifically amplitude of lateral head displacement (ALH) and linearity, have been related to sperm fertilizing capacity. [5] [6] [7] Despite the current high profile of morphology examination, few IUI studies provide details on sperm morphology. Burr and colleagues 8 found that pregnancy success rates were poor (4.3 percent per cycle) when sperm normal morphology in raw semen was less than 10 percent. 9 In contrast, the IUI outcome was not significantly influenced when morphology was assessed on raw semen samples according to Kruger's strict criteria 10 (Kruger et al, 1986) . Whether individual semen parameters are effective in predicting pregnancy outcome in couples with malefactor infertility undergoing IUI is a controversial subject. [11] [12] [13] After the introduction of CASA, the number of semen parameters examined increased to the extent that each semen evaluation quantifies more than 10 semen characteristics.
Couples affected by long-term male infertility have an estimated spontaneous pregnancy rate of 2 percent per menstrual cycle. 14 To help increase the chances of pregnancy, assisted reproduction techniques such as intrauterine insemination (IUI) and in-vitro fertilization (IVF) are used. In-vitro fertilization has a comparable success rate but it is more invasive and expensive than IUI. The success rate of IUI can be increased to near that of IVF by combining it with ovarian stimulation. [15] [16] However, that increases the cost of the procedure from about $500 to $1,800 per cycle. 17 Ovarian stimulation also can lead to a wide range of health risks, including ovarian hyperstimulation sydrome and multiple pregnancy. Clearly, couples with male-factor infertility seeking assistance should be counseled to undergo IVF and not IUI only when there is a clear indication for it and when no safer or less expensive alternative exists. Therefore, it is important to be able to predict the chances for successful IUI-induced pregnancy in couples who are seeking counseling. Unfortunately, we have no way of doing so that provides consistently reliable and accurate results.
DEVELOPING AN OVERALL SEMEN SCORE
Although semen parameters are unique measures of sperm quality, they are not independent of one another in the sense that patients with low motility tend to have low concentration and vice versa. Therefore, semen parameters are positively correlated with each other. In biological systems, when there are several correlated variables, principal component analysis can be used to reduce the variables to 1 or 2 variables, which are the linear functions of the original variables. 18 This appears to be applicable to semen parameters, where several variables are recorded that have a generally strong correlation. Since many of these parameters are interrelated, we believed that an overall semen score could be developed using an appropriate statistical model.
Developing an overall semen score by applying principal component analysis to the original semen variables obtained by CASA and also by the conventional or manual semen analysis is important. By employing a statistical model, overall semen scores that account for most of variability observed among the battery of interrelated semen variables can be calculated. These scores can be used to predict pregnancy in couples undergoing IUI for male-factor infertility. Secondly, determining if these 2 scores can be combined to produce an IUI-semen pregnancy score (IUI-SPS) using prewash measures is important. This can serve as a quick and reliable method for directing couples with male-factor infertility to either IUI (high IUI-SPS score) or IVF (low IUI-SPS score).
Patient Selection in the Evaluation of Semen Scores
In a retrospective study, we examined nine semen characteristics from 452 men (25 healthy donors, 250 men undergoing semen analysis as part of a fertility evaluation and 177 men with various clinical diagnoses of infertility). Of the 177 patients presenting with different male infertility clinical diagnoses the breakdown was prostatitis with infection (n = 46), varicocele (n = 77), varicocele with infection (n = 11), and vasectomy reversal (n = 43). In a separate set, the prewash and postwash semen analyses was examined in those couples where the male partner (n = 93) was diagnosed with male-factor infertility. Couples were excluded from participation if the woman had cycle disorders, untreated endometriosis (grade 1-4) 19 or bilateral occluded tubes or if a semen sample yielded less than 1 million progressively motile spermatozoa. Investigation of infertility included basal body-temperature chart, late luteal-phase endometrial biopsy, postcoital test, hysterosalpingogram, diagnostic laparoscopy, and at least 2 semen analyses.
Assessment of Semen Variables
Sperm samples were analyzed using a computerized system (Cell-Trak, Model VP 110, Santa Rosa, CA). For each measurement, a 5-μL sample aliquot from either a donor or patient was loaded on a MicroCell slide (Conception Technologies, La Jolla, CA). The sperm motion kinetics measured by CASA were: sperm concentration (X 10 6 /mL), percent motility, curvilinear velocity (VCL, μm/s), time-average velocity of a sperm head along its actual curvilinear path, as perceived in 2 dimensions in the microscope, straight-line velocity (VSL; μm/s), time-average velocity of a sperm head along the straight line between its first detected position and its last, average path velocity (VAP; μm/s), and time-average velocity of a sperm head along its average path. This path is computed by smoothening the actual path according to algorithms in the CASA instrument. These algorithms vary between instruments. We also measured linearity (LIN; %), the linearity of a curvilinear path (VSL/VCL), amplitude of lateral head displacements (ALH; μm), and magnitude of lateral displacement of a sperm head about its average path, which can be expressed as a maximum or an average of such displacement. In addition to the computerized results, manual results were calculated for sperm concentration and motility.
Measurement of Sperm Morphology
For morphological evaluation, seminal smears were stained with Giemsa stain (Diff-Quik, Baxter Scientific Products, McGaw Park, IL). Sperm morphology was assessed with World Health Organization (WHO) guidelines and Kruger's strict criteria. 10, 20 STATISTICAL MODEL FOR CALCULATING THE SEMEN SCORES Nine semen parameters were included to compute semen quality scores: concentration, motility, VCL, VSL, VAP, ALH, linearity, and morphology by WHO guidelines and by Kruger's strict criteria. Log transformation (base -10 logarithms after adding a constant of '1' to each semen characteristic) was performed to reduce the effect of outliers and to scale the variables. Principal component analysis was applied to the covariance matrix of the 9 log-transformed semen parameters. This produced 9 new components each with "eigenvectors" (which were the weights assigned to the original variables). Only those components that accounted for at least 10 percent of the overall variability of the 9 semen parameters were used.
The resultant principal component scores were converted to semen scores with a mean of 100 and a standard deviation (SD) of 10 based on the semen scores from the donor group. This involved both addition and multiplication of the values by a number of constants to derive the standardized scale. A mean of 100 was chosen simply because it provided a level of recognition. For example, a score of 100 or greater indicates a sperm quality better than the average male and vice versa for scores less than 100. This is similar to the intelligence quotient (IQ) scores, which are also standardized to a mean of 100. A SD of 10 was chosen because it provided an easily computable difference from 100 or any other value of interest. For example, in general, 95 percent of a population of normal individuals falls into a range of + 2 SD from the mean; therefore, the semen score would generally be expected to fall within a range of 80 to 120 for a group of donors. The steps involved in the calculation of the scores are illustrated in Figure 32 .1. The same procedure was undertaken with the 4 non-CASA parameters: concentration, motility, and the two morphology measures. Pearson product-moment correlation between the 9-parameter and 4-parameter semen scores were calculated.
Calculation of the IUI-Semen Pregnancy Score
The semen scores were combined to provide an IUISemen Pregnancy Score (IUI-SPS) using the regression coefficient estimates of both the pre-wash SQ and RQ score as weights. The regression coefficient of the RQ score was approximately twice as much as the SQ score, so the combined IUI-SPS score was calculated as:
The sample size was sufficient to detect, with 90 percent power, whether a 10-point increase in IUI-SPS resulted in an increase in the odds of pregnancy of 1.5 times versus the null hypothesis of an odds ratio of 1.0 for such a IUI-SPS change.
We attempted to predict IUI-induced pregnancy from male and female characteristics using multivariate logistic regression and generalized estimating equations (GEE). These equations used compound symmetry correlation structure to account for the fact that couples may attempt more than 1 IUI cycle. We also used multivariate GEE logistic regression analysis to predict IUI-induced pregnancy from the SQ and RQ scores based on 9 semen parameters taken from the semen analyses. Female factor infertility characteristics (ovarian stimulation, nonstimulation, and infertility duration) were also evaluated. If significant in univariate analyses, they were included in the logistic regression analyses. To summarize the overall sensitivity and specificity of the scores in predicting pregnancy, we calculated receiver operating characteristic (ROC) curves. The area under the curve (AUC) can range from 50 percent (no predictive value) to 100 percent (perfect prediction accuracy). Summary statistics are reported as median and inter-quartile range (IQR). Significance was assessed with p< 0.05. Two-tailed tests were used, and all computations were performed with SAS version 8.1 (SAS Institute Inc., Cary, NC). 
Semen Quality (SQ) and Relative Quality (RQ) as Measures of Semen Score
The correlation among the semen samples were generally positive (Table 32 .1). Among the kinetic variables, a strong correlation was seen between VAP and VSL (r = 0.98), between VAP and VCL (r = 0.96), and between VSL and VCL (r = 0.91). The weakest correlation was observed between linearity and Kruger's morphology (r = 0.01). Also, a weak negative correlation was observed between linearity and both VCL (r = -0.07) and ALH (r = -0.03). Given that most of the correlations were positive, it was anticipated that most of the variability would be explained by a weighted sum of the variables that would be related to the overall semen quality. log 10 transformation after adding '1' to the original value; Conc. = concentration (X10 6 /ml); VCL = curvilinear velocity; VSL = straightline velocity; VAP = average path velocity; ALH = amplitude of lateral head displacement; WHO = World Health Organization Principal component analysis indicated that 2 semen scores or components accounted for 80.3 percent of the variability observed among the 9 semen parameters. The first principal component was termed the "SQ" score to represent "overall semen quality." This was a weighted sum of all semen characteristics and accounted for 64.8 percent or almost two-thirds of the overall variability observed among the 9 variables. The SQ score weighs each semen parameter based on the values listed in Table 32 .2. For example, the variable with the greatest weight was sperm concentration (+0.81), and all the other scores had positive weights. Therefore, the SQ score sums up all the semen parameters with varying weights given to each score.
The second component was termed the "RQ" score to represent "relative quality." It assigns a negative weight for concentration and positive weights for all other variables. Therefore, an individual with a relatively low concentration but above average values for the other parameters would have a high RQ score compared with what would be expected based on other parameters. In contrast, individuals with low scores on this scale will have poor sperm motility, poor morphology, or low scores on other parameters relative to their concentration. Therefore, the 2 new scores together accounted for more than 80 percent of the variability observed among the 9 semen parameters. Because these 2 scores are produced by principal component analysis, SQ and RQ are uncorrelated.
Subsequently, the SQ and RQ scores were applied to samples from the 25 normal, healthy donors. Examples of the semen characteristics that produced the 5 highest and lowest SQ and RQ score are shown in Table 32 .3. The 5 lowest SQ scores represent poor semen quality. The highest and lowest SQ scores are more obvious in interpretation, in that, individuals with high SQ scores *Scores computed by multiplying each log-transformed variable by the semen score weights; VCL = curvilinear velocity; VSL = straightline velocity; VAP = average path velocity; ALH = amplitude of lateral head displacement; WHO = World Health Organization; CASA = computer assisted semen analysis; SQ = overall semen quality score; RQ = relative quality score have semen profiles that are better than normal, whereas those with low SQ have semen profiles that are below normal ranges. The sample with the highest SQ score had a concentration of 414 × 10 6 /mL, a motility of 95 percent, and normal morphology (WHO guidelines) of 40 percent, whereas the sample with the lowest SQ score had a concentration of 1.02 × 10 6 /mL, a motility of 6 percent, and WHO morphology of 11 percent. In addition, the 5 highest values for the RQ scores showed that the concentration was lower than expected based on the other above average semen parameters. The RQ score is not as easily interpretable as the SQ score because it is based on the relationship of 8 parameters compared with their concentration. For instance, the highest RQ score was a sample with a concentration of only 0.56 × 10 6 /mL but a motility of 39 and 48 percent normal sperm morphology. In contrast, the individual with the lowest RQ score had concentration of 24.3 × 10 6 /mLwith a motility of 36 percent and 1 percent normal sperm morphology. Among the entire group of 250 patient samples, the mean SQ score was 89.9 ± 20.9 and the mean RQ score was 106.1 ± 16.4. (The distribution of the 250 patients and 25 donors for both the SQ and RQ scores is illustrated in Fig. 32.2. ) Patients are often classified as oligozoospermic, asthenozoospermic, or teratozoospermic based on concentration, motility, and morphology or a combination of these factors. (To illustrate how these classifications are related to the semen scores, the 250 patients in our study were classified into 8 groups (Fig. 32.3) .) Patients without any abnormal semen parameters had a mean SQ and RQ score of greater than 100. Patients who were either asthenozoospermic or teratozoospermic had a mean SQ score of 90. Since concentration is the parameter that is assigned the maximum weight in defining the SQ score, patients who were oligozoospermic had a mean SQ score greater than 80, which was slightly similar to the score in asthenoteratozoospermic patients. When patients with oligozoospermia were combined with those patients who were either asthenozoospermic or teratozoospermic, SQ scores had a mean value between 70 and 80. Patients with all 3 combinations (oligoasthenoteratozoospermic) had a mean SQ score of less than 60. Therefore, SQ scores decreased as the number of abnormal parameter increased. This plot also helps in interpreting the less intuitive RQ score, which also is a measure of asthenoteratozoospermia because it examines the quality of the non-concentration parameters. Patients identified as having asthenoteratozoospermia had a mean RQ score of less than 90 compared with the oligozoospermic patients who had a mean RQ score of 130. The latter RQ score is high in the sense that the sperm concentration is poor, but motility and morphology were in the normal range. Like the healthy patients, the RQ score in oligoasthenoteratozoospermic patients was close to 100 because their motility and morphology was as expected based on their poor sperm concentration. The two semen quality scores were applied to patients with various clinical diagnoses and also compared with the semen scores in the healthy donors. All 4 clinical diagnoses were associated with significantly lower SQ scores than that of the donors (p< 0.03) (Table 32.4). These groups had mean SQ values that were 15 to 22 points below that of the donors. Using multivariate logistic regression analysis to determine the ability of the semen scores to discriminate between the donors and patients, the SQ score had an odds ratio of 2.53 (95% confidence interval [CI] 1.36 to 4.72; p< 0.004) and the RQ score had an odds ratio of 0.86 (95% CI, 0.51 to 1.46; p< 0.58). Therefore, as a diagnostic tool to classify patients regarding their potential for natural conception, SQ appears to be more important than RQ.
We next calculated the conventional semen score. In this score, only conventional or manual semen parameters (i.e., sperm concentration, %motility, and %normal forms according to both WHO morphology and Kruger's strict criteria) were used. The principal component results for these 4 variables are shown in Table 32 .2. A highly significant positive correlation was seen between the CASA-SQ score and the conventional-SQ score (r = 0.99). Similarly, a very strong correlation was seen between the CASA-RQ score and the conventional-RQ score (4 variables) (r = 0.96). 
RELATIONSHIP OF SQ AND RQ SCORES WITH IUI PREGNANCY RATES
A total of 192 IUI cycles were evaluated and of these, 14 percent (27/192) resulted in pregnancy. Both the SQ and RQ prewash scores were significantly associated with IUIinduced pregnancy (Table 32 .5). Of the postwash scores, only the RQ score (p< 0.001) was related to pregnancy outcome. Of the 32 cycles in which the post-wash RQ score was greater than 125, 40 percent (13/32) resulted in pregnancy. Only 9 percent (14/160) resulted in pregnancy when the SQ score was less than 125. The significance of the prewash SQ score is illustrated by the following data. When the postwash RQ score was greater than 125 and the prewash SQ score greater than 70, 53 percent of 17 cycles resulted in pregnancy. When the postwash RQ score was greater than 125 but the prewash SQ score less than 70, 25 percent of 16 cycles were successful. When both the postwash RQ and SQ scores were less than 125 and the prewash SQ score was less than 70, none of the 15 cycles resulted in pregnancies. The remaining 144 cycles with prewash SQ scores of Results are reported as median and interquartile range; *P-value indicates relationship with IUI pregnancy from logistic regression with GEE methods to account for multiple attempts of couples; Odds ratio is increased odds of pregnancy for each 10-point increase in SQ, RQ, or IUI-SPS; SQ = Semen quality; RQ = Relative quality; IUI-SPS = Intrauterine insemination semen pregnancy score; AUC = Area under the receiveroperating characteristic curves (ROC), which represents a summary statistic of sensitivity and specificity of the association with IUI pregnancy.
greater than 70 and postwash RQ scores of less than 125 resulted in a 10 percent pregnancy rate. (The distribution of SQ and RQ scores in cycles with and without pregnancies is illustrated in Figure 32 
Relationship of IUI-SPS with IUI Pregnancy Rates
When using the combined IUI score (IUI-SPS) as calculated by regression coefficient, it was found that the prewash IUI-SPS was significantly related to IUI pregnancy rate with an AUC of 81 percent. This score had a greater ability to predict the pregnancy rate as measured by the AUC of pregnancy than the postwash semen scores (Table 32 .5). Sperm morphology examined by Kruger's strict criteria was the only semen parameter that approached the predictive ability of the IUI-SPS with an AUC of 79 percent. The fact that several prewash parameters are associated with IUI-induced pregnancy illustrates that combining the parameters can provide an improvement in prediction of pregnancy. (The relationship between the composite IUI-SPS and individual semen parameters is illustrated in Fig. 32.5 ). Logistic regression analysis indicated that IUI pregnancies could be predicted using the IUI-SPS (Fig.  32.6 ). Of the 196 cycles, more than half (56%) had an IUI-SPS of less than 150. Patients with an IUI-SPS greater than 150 had a pregnancy rate of 28 percent (24 pregnancies out of 87 cycles) compared with 3 percent (3 pregnancies out of 109 cycles) in patients with IUI-SPS less than 150. No pregnancies occurred in the 48 cycles where the IUI-SPS was less than 137.
Measures of predictive ability using several cutoff values of the IUI-SPS are illustrated in Table 32 .6. At a cutoff value of 130, the IUI-SPS had a sensitivity and negative predictive value of 100 percent. However, the specificity and the positive predictive values were low (18% and 16%, respectively). The specificity of IUI-SPS was as high as 81 percent at a cutoff value of 160. Negative predictive values were always less than 90 percent so long as the IUI-SPS was greater than 130. In a multivariate logistic GEE regression, ovarian stimulation (p = 0.19), non-stimulation (p = 0.07), and infertility duration (p = 0.15) were not related to pregnancy after adjusting for semen scores, whereas the prewash IUI-SPS was statistically significantly related after adjusting for these factors (p< 0.001). 
Relationship between Female Characteristics and Pregnancy Rate
In a univariate analyses of female characteristics, infertility duration was significantly (p = 0.046) related to pregnancy rate. On evaluating the effect of ovarian of stimulation, it was found that mild ovarian stimulation (either with clomphine citrate or low dose gonadotrophine) in the IUI cycles was as significant as nonstimulation (p = 0.01) with respect to the per cycle rate. However, cumulative pregnancy rate was non-significant for both groups (using logistic regression with GEE) (Table  32 .7). However, after adjusting for semen scores, ovarian stimulation (p = 0.19), non-stimulation (p = 0.07) and infertility duration (p = 0.15) were not significant in multivariate logistic GEE regression, whereas the IUI semen pregnancy score maintained its significance after adjusting for these factors (p< 0.001). 
SIGNIFICANCE OF SQ AND RQ AS NOVEL SEMEN SCORES
In this study, we used a statistical model-principal component analysis to narrow down the elaborate measures of semen analysis to 2 main components or scores. The results demonstrate that the SQ and RQ scores accounted for the majority of the variability of 9 individual semen parameters. A majority of the semen characteristic variables positively correlated with these 2 scores. In addition, we were able to measure the SQ and RQ scores using different subsets of infertile patients with various clinical diagnoses. The SQ scores decreased as the number of abnormal parameter increased. A low SQ score reflected low concentration and poor motility and morphology whereas a high SQ score represented high concentration and relatively good motility and morphology. The men with varicocele and patients who had undergone vasectomy reversal had significantly lower SQ scores than the 25 healthy donors. Therefore, semen quality was significantly poor in all patients with clinical diagnoses but it did not differ among the patients themselves. The RQ score was not significantly different between the donors and the clinical diagnostic groups, indicating that their concentration levels were not significantly different than expected based on their other parameters. From our results, we can conclude that the SQ score can significantly discriminate donors from patients whereas RQ was not a good discriminator of semen quality in all these patient groups. This also confirms our univariate findings.
Computer Assisted Semen Analyzer Derived Versus Conventional Semen Scores
Our next objective was to examine how the two scores could effectively be utilized in those programs where CASA is not available, and, secondly how much information is really provided by the sperm kinematics associated with computerized semen analyzers. As seen from our findings, very little information would be lost if the CASA parameters are excluded and only conventional or manual scores are used. Therefore, programs that are not equipped with more sophisticated computer analysis systems for semen analysis can still have an effective means of interpreting the results of semen analysis. However, it is imperative that these programs have high standards of quality control and efficient and well-trained technical staff to minimize intra-laboratory variations.
Information Provided by SQ and RQ Scores
The semen score can provide important information on the semen quality and the likelihood of establishing a pregnancy. Second, semen score provides more meaningful information than the individual semen parameters. What are the clinical applications of our findings? The utility of the SQ and RQ scores for clinical practice may differ based on the clinical situation. Because all semen parameters were added and included, the SQ score may have greater utility in assessing the male fertility status for natural conception. On the other hand, the RQ score is derived from the measurement of morphology, motility, and motion parameters after adjusting for concentration. Therefore, the RQ score may be more helpful in predicting the outcome of artificial reproduction methods where concentration may not be as essential as the other parameters. Our SQ-RQ scoring system is more advantageous than many of the other systems being used, which lack corresponding information for accurate characterization of their relationship with fertility.
CONTROVERSY OVER SEMEN QUALITY AND ART OUTCOME
The "normal" values provided by the WHO manuals for the basic semen parameters (i.e., volume and qualitative and quantitative motility and morphology) were obtained mostly through studies on fertile populations. [21] [22] This may be a reason why the clinical value of traditional semen parameters in the assessment of male infertility is a subject of considerable debate. 23 Although reports on the association between pregnancy outcome and individual semen parameters vary widely and some have concluded that individual parameters are not effective in predicting pregnancy outcome, they have been used extensively to predict IUI success in patients with malefactor infertility. Sperm motion characteristics (CASA values) were reported to be related to the outcome of IUI and IVF. 3, 24 A nonlinear relationship between motile sperm count and pregnancy has been reported. [25] [26] In addition, total motile sperm count (TMSC) has been shown to have a positive correlation with pregnancy rate. [27] [28] [29] With similar processing techniques, pregnancy rates of 11 percent have been documented. [29] [30] In an exhaustive retrospective study, it was reported that the average sperm motility of inseminates of patients who did not conceive after IUI was attempted was statistically lower (p < 0.002) than values for couples who conceived, indicating a possible direct association between postwash sperm motility and the likelihood of pregnancy. 29, 31 Poor postwash motility combined with either age or pelvic surgery was associated with a 0 percent success rate.
According to one study, sperm parameters obtained by CASA measurements can be used to predict fertility potential in both infertile and healthy men. 32 Oehninger et al 33 did a meta-analysis to examine the predictive values of different sperm function assays for fertilization outcome in IVF therapy and found that there is a real need for standardization and further investigation of the potential clinical utility of CASA systems. Lindheim et al 34 found that sperm morphology was a predictor of IUI pregnancy, while others did not Burr et al. 8 Although the effect of sperm morphology on the success of in-vitro fertilization has been well studied, the utility of strict morphology has not been studied extensively in couples undergoing controlled ovarian hyperstimulation and IUI. It was also reported that strict morphology is not a useful prognostic factor in IUI performed because of male infertility. 35 While advanced reproductive techniques have been able to overcome the disadvantage of morphologically abnormal sperm, assisted reproduction utilizing in vivo conditions with IUI does not appear to be able to circumvent inherent abnormalities in sperm.
The Role of SQ and RQ Scores and the IUI-Semen Pregnancy Score
Because there is no reliable method of predicting the chances for successful IUI-induced pregnancy, we examined the variability of semen parameters among couples with male infertility undergoing IUI and based on that variability, calculated SQ and RQ scores and the IUI-SPS. Furthermore, the efficacy of these scores was calculated using cycle fecundity and cumulative pregnancy rates as an end point. The cycle fecundity rate was found to be 14 percent (27/192), which was higher than the rate of 8.7 percent reported by Goverde et al 36 and comparable to a previous report of 14.4 percent. 37 A similar pregnancy rate was reported with or without ovarian stimulation by other investigators as well. [38] [39] [40] [41] [42] [43] [44] [45] [46] Both the prewash SQ score (p = 0.02) and RQ score (p< 0.001) were positively associated with the increased likelihood of pregnancy. On the other hand, only the postwash RQ score (p< 0.001) was related to a successful outcome. Of the cycles in which post-wash RQ score was greater than 125, 40 percent resulted in pregnancy compared with 9 percent of cycles when the postwash SQ score was less than 125. When the prewash SQ score was greater than 70 and the postwash RQ score was less than 125, the success rate was low (10%), which illustrates the feasibility of using the scores in predicting pregnancy outcome. The advantages of the SQ and RQ scores are that they enable clinicians to quickly compare semen quality and provide an easy method of identifying patients with abnormal semen quality, thereby facilitating improved assessment of male fertility for clinicians. These scores can also provide information about the fertilizing potential and predicting pregnancy in an IUI setting. We anticipated that SQ may be more important in assessing the chances of natural conception, and RQ more important in ART procedures, because in these controlled situations, the importance of concentration is reduced, and RQ measures quality after adjusting for concentration.
Information Provided by IUI-SPS and Relationship with Pregnancy
By combining the SQ and RQ scores, the IUI-SPS was derived, which was significantly related to pregnancy rate (p< 0.001) with an area under the curve (AUC) of 81 percent. When the predictive ability of the IUI-SPS as measured by the AUC was compared with that of the individual semen parameters, IUI-SPS was found to have greater predictive ability than the individual semen parameters and that of postwash semen scores. Only Kruger's strict morphology approached the predictive ability of the IUI-SPS with an AUC of 79 percent. However, the presence of other significant prewash parameters such as WHO morphology, VCL, VSL, VAP, and ALH illustrates that combining all parameters can improve the prediction of pregnancy.
On examining the female factors, duration of infertility and induction of ovulation were significantly related to the chances of pregnancy, which is in agreement with previous reports. 39, [41] [42] In another report, pregnancies occurred in 7.3 percent of patients with ovulatory dysfunction. 29 None of the 3 female factors were related to pregnancy after adjusting for semen scores and using GEE multivariate logistic regression. When the semen scores in our study were stratified, these factors became non-significant and the scores retained their significant relation to both cycle fecundity and pregnancy rates. The reported success of IUI in the treatment of male-factor infertility varies widely from 0 to 57 percent per patient, 15 although the number of subjects in most published studies were low. In larger studies, pregnancy rates determined for couples with male-factor infertility were between 8 and 10 percent. 29, 43 Patients with idiopathic infertility had a 13.2 percent conception rate per cycle. 15, 29 These results emphasize the importance of etiology in the counseling of couples for IUI. The lack of significance of female characteristics in this group is probably related to the fact that this study was restricted to male factor patients, and female factors would probably be significant if a wider range of IUI attempts were included.
When we measured the predictive accuracy of IUI-SPS at different cutoff values, it produced satisfactory sensitivity and negative predictive values. However, both specificity and positive predictive values were less than sensitivity and negative predictive values. At a cutoff of 130, IUI-SPS had 100 percent sensitivity and negative predictive values, which denotes that those patients with an IUI-SPS of less than 130 have a very low chance of pregnancy with IUI. Those patients should be directly counseled to undergo IVF without trying IUI, thereby avoiding unnecessary IUI cycles.
When we compared sperm quality necessary for successful IUI with WHO threshold values for normal sperm, we found that the sperm quality necessary for successful IUI was lower than the WHO threshold values. It was therefore concluded that IUI is effective therapy for male-factor infertility when the total motile sperm count is 5 X 10 6 or greater and the initial sperm motility is 30 percent or greater. 44 When initial values were lower, IUI was associated with a lower chance of success. In one study, the likelihood of pregnancy was maximized when motile sperm numbers were 5 X 10 6 or greater and sperm motility was 60 percent or greater. 29 However, these authors did not provide the relationship between cycle fecundity rate and the motion parameters as measured by CASA and morphology characteristics measured by WHO guidelines or Kruger's strict criteria. Our study gave the appropriate weight to the semen quality parameters, notably morphology and sperm motion characteristics. Using baseline semen analysis and the 24 hour sperm survival, it was found that the number of motile sperm available for insemination and especially their 24-hour survival are highly predictive of IUI success. 45 
CONCLUSION
We have demonstrated that semen characteristics can be reduced to 2 semen quality scores, which account for more than 80 percent of the variability expressed by all of the semen characteristics individually. We believe that reducing the 9 semen characteristics to 2 scores will be more efficient by allowing quick comparisons of semen quality. In addition, the semen scores may provide improved assessment of male fertility. Patient scores under 80 are below the expected normal range of donors. Similar information is obtained using either CASA or conventional or manual semen analysis variables. Prewash SQ and RQ scores are positively related to pregnancy in couples undergoing IUI because of malefactor infertility. The postwash RQ score appear to be more important in predicting pregnancy in the IUI setting, particularly when it is greater than 125. The IUI-SPS score based on prewash semen parameters in those patients could be used to counsel them about their chances of success with IUI. Up to half of the failed IUI attempts in patients with male factor infertility could be avoided based on their IUI-SPS. Patients with an IUI-SPS below 150 may be advised to seek IVF whereas IUI be recommended for couples with an IUI-SPS above this
